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THREE-TERMINAL DUAL-DIODE SYSTEM FOR FULLY DIFFERENTIAL 
REMOTE TEMPERATURE SENSORS 

Related Application 

This utility patent application claims the benefit under 35 United States 
Code § 1 19(e) of United States Provisional Patent Application No. 60/461,538 filed on 
April 8, 2003. 

Field of the Invention 

The present invention relates to a method and apparatus for electronic 
temperature sensing and recording devices. More specifically, the present invention is 
directed towards temperature measurements made by applying bias currents to a 
forward-biased PN junction in a dual diode system. 

Background of the Invention 

Temperature measurements can be made by applying a current to a 
forward-biased PN junction and measuring the resulting potential across the PN 
junction. Temperature calculations can be made by determining the difference "AVf 0r " 
that results as a function of different applied currents across a PN junction, using 
differing areas of PN junctions to which a current is applied, or a combination of both. 

Brief Description of the Drawings 

FIGURE 1 is a schematic block diagram of a three-terminal dual-diode 
system for fully differential remote temperature sensors in accordance with the present 
invention. 

FIGURE 2 is a schematic diagram of a three-terminal dual-diode system 

used in a differential mode in accordance with the present invention. 

FIGURE 3 is a schematic diagram of a three-terminal dual-diode system 

used in a single-ended mode in accordance with the present invention. 

1 



Detailed Description of the Preferred Embodiment 

Throughout the specification and claims, the following terms take the 
meanings explicitly associated herein, unless the context clearly dictates otherwise. The 
5 meaning of "a, 11 "an," and "the" includes plural reference, the meaning of "in" includes 
"in" and "on." The term "connected" means a direct electrical connection between the 
items connected, without any intermediate devices. The term "coupled" means either a 
direct electrical connection between the items connected, or an indirect connection 
through one or more passive or active intermediary devices. The term "circuit" means 

10 either a single component or a multiplicity of components, either active and/or passive, 
that are coupled together to provide a desired function. The term "signal" means at least 
one current, voltage, or data signal. Referring to the drawings, like numbers indicate 
like parts throughout the views. 

The present invention is directed towards a three-terminal, dual-diode 

15 system that is compatible with both fully differential and single-ended remote 
temperature measurement systems. Fully differential remote temperature sensor 
systems offer better noise immunity and can perform faster conversions with less 
sensitivity to series resistance than single-ended systems. The two diode system can be 
used with either fully differential or single-ended temperature measurement systems, 

20 which can be used when upgrading from a single-ended architecture to a fully 
differential architecture, and which can also provide backwards compatibility to single- 
ended architectures for users of fully differential architectures. The simultaneous 
forwards and backwards compatibilities reduces development risk associated with 
switching from a proven architecture (e.g., single-ended) to a newer, less-proven, 

25 architecture (e.g., fully differential). 

The three-terminal, dual-diode system is formed on a first substrate, 
which typically also contains a device for which temperature information is desired. 
The temperature measurement system is formed on a second substrate, and is coupled to 
the first substrate so that temperature measurements can be made. A fully differential 
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remote temperature system may be coupled to all three terminals of the three-terminal 
(or only two terminals that are the same polarity terminals of the two PN junctions), 
dual-diode system, whereas a single-ended remote temperature system only need be 
coupled to two terminals (that are opposite terminals of a PN junction) of the three- 
5 terminal, dual-diode system. 

FIGURE 1 is a schematic block diagram of a three-terminal dual-diode 
system for fully differential remote temperature sensors in accordance with the present 
invention. The three-terminal, dual-diode system (100) comprises two PN junctions, 
which are illustrated as being embodied within transistors Ql and Q2. A first PN 

10 junction is thus present within transistor Ql and a second PN junction is present within 
transistor Q2. The first and second PN junctions each have an associated area, which 
may be the same or different as discussed below. 

Terminal 1 is coupled to the emitter of transistor Ql. Terminal 2 is 
coupled to the emitter of transistor Q2. The common bases of transistor Ql and Q2 are 

15 coupled to terminal 3. The collectors of transistors Ql and Q2 are coupled to ground. 
Terminal 3 may be optionally coupled to an internal (or external) bias circuit such as 
another diode, current or voltage source, ground, resistors, and the like (including a 
combination thereof). The bias circuit can be located on a first or a second substrate, or 
even provided as an external component. For fully differential operation, terminal 3 can 

20 be internally biased and need not be wired to a pin of a package containing the first 
substrate. 

Temperature measurements of the PN junctions in system 100 are 
measured by applying current(s), measuring resulting voltages, and calculating a 
temperature based on the resulting voltages. A fully differential temperature 

25 measurement system applies (typically simultaneously) two currents to the PN junctions 
via terminals 1 and 2. The currents are applied so that each PN junction is forward- 
biased. The resulting voltages across the PN junctions from each applied current are 
measured by the fully differential temperature system. The fully differential 
temperature measurement system can sample the resulting voltages using a device such 

30 as a differential analog-to-digital (ADC) converter. Temperature measurement systems 



and PN junctions are discussed within U.S. Patent No. 6,149,299, which is incorporated 
herein by reference. 

A single-ended temperature measurement system applies in succession a 
first and second current to terminal 1 and/or 2 such that the associated PN junction is 
5 forward biased. The first and second currents are different sizes as discussed below. 
The resulting voltages across the PN junction from each successively applied current 
are measured by the single-ended temperature system. The single-ended temperature 
system may measure the voltages by using a device such as an LM86. 

In various embodiments, the temperature measurement system may be 
10 implemented by a converter such that the values produced by the converter may be 
processed within an analog environment, a digital environment, or a mixed-signal 
environment. The samples may be averaged to reduce the effects of noise and to 
enhance the accuracy of calculations using values derived by the analog-to-digital 
conversions. Samples are typically made at regular intervals such that each sample is 
15 separated from other samples by substantially equal time differences. 

Temperature calculations can be determined according to the following 

formula: 



T= qLV » (I) 



where T = absolute temperature in degrees Kelvin, 
20 q = the charge on the carrier (electron charge), 

AVfor = change in the forward-biased voltage, 
K = Boltzmann's constant, 

N = ratio of the two applied currents and areas, and 
r| = ideality factor of the diode. 
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The ratio (N) can be realized as a combination of area ratios of the PN 
junctions using a common current, a ratio of currents across two PN junctions that have 
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the same area, or a combination thereof. Generally, the change in the forward-biased 
diode voltage (AV for ) can be determined by subtracting the measured voltages that 
resulted by applying two different currents: 

AV for =VBE2~VBE\ = ?jx xln — x — (II) 

q \I\ A2 ) 

5 where VBE2 is the voltage across a PN junction resulting from a second applied 
current, VBE1 is the voltage across a PN junction resulting from a first applied current; 
12 is the second applied current, II is the first applied current, Al is the junction area of 
the PN junction to which the II is applied, and A2 is the junction area of the PN 
junction to which 12 is applied. 
10 Where a single PN junction is used, currents II and 12 have different 

current values and are successively applied to the PN junction. VBE1 is measured 
during the first applied current (II) and VBE2 is measured during the second applied 
current (12). 

Where two different PN junctions are used, currents II and 12 are applied 
15 to two separate PN junctions. Currents II and 12 can have the same current values 
when the junction areas of the PN junctions have different areas. The PN junctions can 
have the same area where currents II and 12 have different current values. Likewise 
currents II and 12 having different current values and PN junctions having differing 
areas can be used. 

20 Where two different PN junctions are used, the junctions ideally should 

have the same PN junction temperature despite the fact that they cannot exist in the 
exact same physical location. Similarly, a single PN junction (including "stacked 
diodes" and PN junctions in parallel) can be used to determine the ratio (N) by 
successively applying two different currents to the single PN junction. Using a single 

25 PN junction also reduces the area required for implementing the circuitry. However, 
the temperature of the PN junction may vary between the successive voltage 
measurements from the two different applied currents. Errors in the value of the 
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calculated temperature may result from variations in temperature between successive 
measurements of the forward-biased voltage. Errors are more likely to occur when the 
PN junction is in a remote system where the PN junction is not affected by the thermal 
mass of a package containing the temperature measurement system. Without sufficient 
5 thermal mass, the temperature of the PN junction can change rapidly with respect to the 
sampling rate of system 100. Keeping the time between applications of the successive 
currents relatively small can reduce the magnitude of errors due to temperature drift of 
the PN junction. 

FIGURE 2 is a schematic diagram of a three-terminal dual-diode system 

10 used in a differential mode in accordance with the present invention. Fully differential 
measurement system 200 is formed on a second substrate that is different from the first 
substrate upon which system 100 is formed. System 200 comprises current sources 210 
and 220, differential converter 230 and a bias circuit 240. Bias circuit 240 is coupled to 
terminal 3. Current source 210 is coupled to terminal 1, and current source 220 is 

15 coupled to terminal 2. Differential converter 230 has a first input that is coupled to 
terminal 1, and a second input that is coupled to terminal 2. 

In operation, bias circuit 240 applies a bias voltage to the bases of 
transistors Ql and Q2. The bias circuit (240) can be located on a first or a second 
substrate, or even provided as an external component. Current sources 210 and 220 

20 apply currents to terminals 1 and 2 such that the PN junctions of Ql and Q2 are forward 
biased. The currents can have the same current values when the junction areas of the 
PN junctions have different areas. The PN junctions can have the same area where the 
currents have different current values. Likewise the currents may have different current 
values in addition to the PN junctions of system 100 having different areas as discussed 

25 above. Differential converter 230 makes a differential voltage measurement by 
measuring the voltages of terminals 1 and 2. 

FIGURE 3 is a schematic diagram of a three-terminal dual-diode system 
used in a single-ended mode in accordance with the present invention. Single-ended 
measurement system 300 is formed on a second substrate that is different from the first 

30 substrate upon which system 100 is formed. System 300 comprises current sources 310 



and 320, converter 330 and a bias circuit 240. Bias circuit 240 is coupled to terminal 3. 
Current sources 310 and 320 are coupled to the inputs of multiplexor 325. The output 
of multiplexor 325 is coupled to a selected terminal (terminal 1, terminal 2, or both 
terminals). Multiplexor 325 is configured to alternately couple the selected current 
5 source to the output of the multiplexor. Converter 330 has an input that is coupled to 
the selected terminal. 

In operation, bias circuit 240 applies a bias voltage to the terminal 3. 
Multiplexor 325 alternately applies current sources 310 and 320 to the selected terminal 
such that the PN junction associated with the selected terminal is forward biased. The 
10 currents values of current sources 310 and 320 are different as discussed above. 
Converter 330 makes a voltage measurement by measuring the voltages of the selected 
terminal 

The above specification, examples and data provide a complete 
description of the manufacture and use of the composition of the invention. Since many 
15 embodiments of the invention can be made without departing from the spirit and scope 
of the invention, the invention resides in the claims hereinafter appended. 
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